hydrogenase, thus blocking the biosynthesis of threonine, isoleucine and methionine2). Because these are essential dietary amino acids in animals, HONis potentially useful as a nontoxic antimicrobial drug. In addition, it may have value as a chiral starting material for the synthesis of more complex pharmaceutical agents. Analyses of HONenriched from isotopically labelled precursors have shown that C-l to C-4 are derived from aspartate, and C-5 from the methyl carbon of acetate40, but the biosynthetic pathway is not known. With the aim of better understanding HONbiosynthesis, we have examined blocked mutants of the producer.
Materials and Methods Cultures
Streptomyces akiyoshiensis (ATCC 13480) was obtained from the American Type Culture Collection, Rockville, MD. Wild type and mutant strains were stored at -20°C as spore suspensions in 20% glycerol5).
Cultures for HONproduction were grown in starchcasein (SC) medium, which consisted of(g/liter of distilled 1.8x 10"4, MnCl2à"4H2O, 4.5x 10~5, CuSO4-5H2O 4.5 x 10"5, (NH4)6Mo7O24-4H2O 4.5 x 10"5, and H3BO3 7.2x 10"6. The pH was adjusted to 6.5 before sterilization by autoclaving. A portion (10 /il) of stored spore suspension was used to inoculate each 10ml of medium in a 125-ml Erlenmeyer flask. Cultures were incubated for 6 days at 27°C and 250rpm. The HON titre was bioassyed daily, and confirmed by HPLC6).
Bioassay
The bioassay agar contained 1.2% (w/v) 
Mutagensis and Mutant Isolation
Suspensions of spores from wild-type S. akiyoshiensis grownon maltose -yeast extract-malt extract (MYM) agar8) were treated with TV-methyl-TV'-nitro-TV-nitrosoguanidine9) (NTG) to allow less than 2% survival, and were plated on SC agar to yield single colonies. After 2~3 days at 30°C, the colonies were excised on agar plugs 7mm in diameter, and incubated for another 5 . days as individual plug minicultures. The plugs were transferred to GYNBagar seeded with S. cerevisiae for bioassay.
Cosynthesis
Liquid SC medium and SC agar were inoculated with spore suspensions of each strain in pairwise mixtures. Efforts to identify the substance to which group I strains responded were focussed on the broth of strain LI38. Quantitative assays based on HONformation by strain LI27 showed that activity was associated with a weakly acidic, nonbasic substance that withstood 1 m HC1for 1 hour at 100°C, but not 1m NaOH.Little activity could be extracted from broth at pH 2 with ethyl acetate, or removed by passage through a C18
reverse-phase cartridge. However,activity was retained on charcoal (Darco G-60), and could be eluted with 50% aq acetone. Ultra filtration indicated a relatively small (<Mr 10,000) molecule; this was confirmed by chromatography in water on Sephadex G-10. HPLC (detection at 220 nm) and XH NMRanalysis of bioactive peak fractions identified 7V-acetyl 3,4-dihydroxyphenylalanine which, however, proved not to be involved in HONbiosynthesis10). The absence of other distinguish- thienamycin biosynthesis15), and of cosynthetic factor I (7,8-didemethyl-8-hydroxy-5-deazariboflavin) in the biosynthesis of tetracycline by Streptomyces aureofaciens1 6) and lincomycin by Streptomyces lincolnensis17).
